Revenue-sharing contract is a kind of mechanism to improve performance or to achieve perfect coordination of supply chain. Considering a three-level supply chain consisting of a manufacturer, a distributor, and a retailer who faces a stochastic and sales effort dependent demand, the paper analyzes the impact of sales effort on supply chain coordination and expounds the reasons why traditional revenue-sharing contract cannot coordinate supply chain in this condition. Given three cases: only the retailer bears the sales effort cost, only the manufacturer bears the sales effort cost, and the retailer bears the sales effort cost with the manufacturer, the paper proposes an improved revenue-sharing contract based on quantity discount policy to coordinate the supply chain. It illustrates that improved revenue sharing contract can coordinate supply chain by implementing it in one transaction or two transactions of three-level supply chain. The model of improved revenue-sharing contract is optimized, respectively, by addition form and multiplication form with sales effort dependent demand. Formulas are given to determine the optimal contract parameters. Finally, numerical experiments are given to test the accuracy of the model of improved revenue-sharing contract.
Introduction
Supply chain is made up of several different decision makers who pursue different objectives and may conflict among each other. Then, the contractual supply chain actually faces a "double-marginal utility": each individual of the supply chain makes the decision, respectively, in order to achieve optimum profits. But the decision is not identical with the one in the coordinated supply chain. So we need a kind of coordinative mechanism or contract to make the whole profits of supply chain achieve the optimum and guarantee each company gets more profits than it does in the noncontractual supply chain.
Revenue-sharing contract [1] is a kind of contract to coordinate supply chain. The contract can be described by two parameters ( , ): the supplier charges the retailers a unit wholesale price , lower than the unit marginal cost , in exchange for a percentage (1 − ) of the retailer's revenue. The position < guarantees channel coordination, whereas determines the distribution of total profits between the supplier and the retailer. In particular, is the supply chain profit quota gained by the retailer.
The revenue-sharing contract initially appeared in the industry of video-rent and was later successfully extended to other industries, such as franchise model commonly used in China. From an economic point of view of revenuesharing contract applications in the video rental industry (1998-1999), Mortimer [2] carried out an empirical study and found that the contract can make different enterprises in the supply chain increase their profits by 3%-6%. Due to the successful applications of revenue-sharing contract in supply chain practice, the study on revenue-sharing contract shows growing trends and the literatures [3] [4] [5] [6] [7] [8] [9] [10] [11] are representative. Based on the literature of Cachon and Lariviere [1] , Giannoccaro and Pontrandolfo [12] proposed a model based on revenue-sharing contract to coordinate a three-level supply chain. On the basis of Giannoccaro and Pontrandolfo [12] , the model was further improved [13] [14] [15] .
By reviewing the extensive literature available, we can see that most of the literatures do not consider the effort activities of supply chain members that affect market demand. And it is known that there exists a wide gap between market demand and the actual situation. In reality, the effort activity of supply chain members, as important factors affecting market demand [16] , is beneficial to the entire supply chain system. It can increase the market demand to some extent [17] [18] [19] , such as increasing investment in advertising, hiring more sales staff to promote products, and considering customers' personality in product manufacturing. However, it needs cost to do these effort activities. Therefore, if only one supply chain member bears the cost of effort activities, he will choose the effort level which is best beneficial to him, and often this choice can not make the supply chain coordinate [20] .
Cachon [21] and Cachon and Lariviere [1] pointed out that the revenue-sharing contract can not coordinate supply chain with retailer's sales effort dependent market demand, the kind of situation many scholars have studied. He et al. [22, 23] proposed a mixed contract based on both revenue-sharing contract and rebate and penalty contract to coordinate supply chain. Hu and Wang [24] proposed an evolution contract based on revenue-sharing contract, and studied this problem in the framework of principal-agent. Qu and Guo [11] proposed an improved revenue-sharing contract considering a hybrid model of supply chain to make the supply chain achieve the coordination of order quantity and effort. J. Chen and J. F. Chen [25] studied the application of revenue-sharing contract in the virtual enterprise.
These contradictions may be resolved when all supply chain members share the effort cost. For example, Wang and Gerchak [26] proposed that a supplier can compensate for the retailer's the effort cost by way of stock subsides, while considering shelf space as an effort variable. Krishnan et al. [27] proposed a contract to coordinate supply chain by sharing effort cost. He [28] and He et al. [22] proposed a flexible quantity contract by sharing effort cost. Xu et al. [20] suggested a return-back contract by sharing effort cost. However, in many cases, due to the fact that the effort of each supply chain member cannot be observed, all kinds of hidden effort moral hazard will make the policy of sharing effort cost fail to coordinate supply chain. Therefore, it is not a desirable way to coordinate supply chain by sharing effort cost among supply chain members.
It should be noticed that the research object of literatures mentioned above is a two-level supply chain. Through literatures searching, we have not found the literatures that take effort into account in three-level supply chain. Therefore, the paper tries to further study in the following aspects. First, the research object is extended to three-level supply chain with sales effort dependent demand, which meets the actual circs better. Second, by analyzing the behavior of the decentralized supply chain under the traditional revenuesharing contract with sales effort dependent demand, we find that the contract fails to coordinate the supply chain. Third, by supposing only the retailer or the manufacturer bears the effort cost, we propose an improved revenuesharing contract based on quantity discount policy, which can coordinate the three-level supply chain. Because there are two different transaction phases in the three-level supply chain, two different conditions are discussed: implementing the improved revenue-sharing contract in one transaction phase and in two transaction phases. Further, by supposing the demand and the effort satisfy addition form or multiplication form, we characterize the optimal solution to the threelevel supply chain with two decision variables (sales effort and inventory quantity), and numerical examples are given to illustrate the model and the solution process. Finally, by considering the retailer bears the effort cost together with the manufacturer, an improved revenue-sharing contract based on quantity discount policy is also discussed in this paper, which can coordinate the three-level supply.
The rest of this paper is organized as follows. Section 2 introduces model assumptions and notations. Section 3 examines the traditional revenue-sharing contract. In Section 4, we analyze three conditions: only the retailer bears the sales effort, only the manufacturer bears the sales effort, and the retailer bears the sales effort with the manufacturer. Section 5 provides concluding remarks and describes future research.
Model Descriptions
The supply chain studied in this paper is made up of one manufacturer ( ), one distributor ( ), and one retailer ( ); see Figure 1 . Upstream member provides a single product to downstream member, and the demand is stochastic. Before the sale season, both the distributor and the retailer have only one chance to buy products. All members are risk neutral, and information is symmetric among them.
Suppose is sales price of unit product; is supply chain member's marginal unit costs ( = , , ), and = + + ; V is salvage value for unsold unit product (V < ); is order quantity;
is the wholesale price that upstream member charges downstream member in condition ( = , ; = , ); is the retailer's effort, and ≥ 0; ( ) is the retailer's effort cost when his effort is , supposing (0) = 0, and ( ) > 0 and ( ) > 0 when > 0; is the stochastic demand when retailer's effort is , with probability density function ( | ) and differentiable cumulated distribution function ( | ), and ( | ) is continuously differentiable; because the demand is the increasing function of effort, ( | )/ < 0; is the order quantity; when retailer's effort is , the Discrete Dynamics in Nature and Society 3 expectation sale quantity is ( , ) = min( , ) = − ∫ 0 ( | ) , and ( , )/ > 0; the expectation unsold quantity is ( , ) and ( , ) = − ( , ). In particular, it is reasonable that > + , V < < , + < .
Analysis of Revenue-Sharing Contract
Supply chain contracts often apply incentive measures to adjust the relationship among the members to coordinate supply chain and to make the entire profit of decentralized supply chain equal to that of centralized supply chain as much as possible. The goal of the analysis is to design the revenuesharing contract so as to achieve channel coordination (maximum profit for the whole supply chain). Besides, it aims at analyzing whether and how the contract parameter can be modified so as to more evenly share the profit along the chain (win-win condition for the chain partners), guaranteeing channel coordination. So, the maximum profit of centralized supply chain should first be considered as the goal of revenue-sharing contract to coordinate supply chain. The profit function of centralized supply chain can be described as
Supposing * is the retailer's optimal effort when given order quantity , then * should satisfy
Supposing * is the retailer's optimal order quantity when given effort , then * should satisfy Π (
Therefore, if revenue-sharing contract can coordinate supply chain, then formulae (2) and (3) are the necessary conditions to achieve supply chain coordination.
Giannoccaro and Pontrandolfo [12] proposed a model of revenue-sharing contract to coordinate three-level supply chain without considering supply chain member's stockout loss and salvage value of unsold unit product. In this paper, we analyze whether the revenue-sharing contract can coordinate three-level supply chain or not with taking salvage value of unsold unit product and the retailer's effort into account. Supposing the retailer would keep a quota 2 of his revenue, giving the rest (1 − 2 ) to the distributor and this would be balanced by a lower price . Similarly, the distributor would keep a quota 1 of his revenue, giving the rest (1 − 1 ) to the manufacturer and this would be balanced by a lower price . Also assume only the retailer bears the effort cost. Then, the expected profit function of the retailer can be described as
From (4), we get Π ( , )/ = 2 ( − V)( ( , )/ ) − ( ). Compared with (2), it can be seen that the retailer's effort in this condition is smaller than the optimal effort of centralized supply chain, namely, Π ( , )/ < Π ( , )/ . That is to say, in this condition, the revenuesharing contract cannot coordinate supply chain. The reasons lie in that the retailer bears all the effort cost of supply chain, but he only get partial profit of the whole supply chain.
Similarly, if only the distributor or the manufacturer bears the sales effort cost, the revenue-sharing contract cannot coordinate the supply chain. Then, we come to a conclusion: the traditional revenue-sharing contract cannot coordinate three-level supply chain with sales effort dependent demand.
In this paper, an improved revenue-sharing contract based on quantity discount policy is proposed to coordinate three-level supply chain when demand depends on effort.
The Improved Revenue-Sharing Contract Based on Quantity Discount Policy
From the discussion above, it can be seen that the optimal effort of the supply chain member under revenue-sharing contract is not equal to that of the centralized supply chain. The reasons lie in that the supply chain member only gets partial gains but bears all the effort cost ( ) of the whole supply chain. To solve this problem, we can make his gains be equal to a fixed ratio of the gains of the whole supply chain. Here, we propose an improved revenue-sharing contract based on quantity discount policy to coordinate supply chain. Because there are two different transaction phases: upstream process and downstream process, it needs to consider how to implement this improved contract in three-level supply chain.
Only Retailer Bearing the Effort Cost

Only Implement between Retailer and
Distributor. This problem can be described as follows: we implement the revenue-sharing contract based on quantity policy between the retailer and the distributor and the traditional revenuesharing contract between the distributor and the manufacturer.
Suppose the distributor provides the retailer the revenuesharing contract ( 2 , ( )), and
Here, * is the optimal effort of the supply chain. In this condition, the profit function of retailer can be described as Π ( , )
According to the paper of Giannoccaro and Pontrandolfo [12] , without considering demand dependent effort, the ratio that the retailer's profit shares the profit of the supply chain is 2 . Here, supposing when only the retail bears the effort cost, the ratio that his profit shares the profit of the whole supply chain is also 2 . It is easily known that the effort of the retail would be equal to the optimal effort of the supply chain; namely,
From (7), it can be seen that the optimal order quantity would be equal to that of the supply chain. Then, the profit function of the distributor can be described as
Because the distributor is in the middle of the supply chain, to maximize his profit, he will make his optimal order quantity equal to the optimal order quantity of retailer in perfect information symmetry condition; namely,
From (9), it can get
Take (5) and (10) into the profit function of the supply chain members and we can get
From (11), it can be seen that the profit functions of the supply chain members are all affine functions of the whole supply chain's profit function. So in this condition, the revenue-sharing contract can coordinate the three-level supply chain.
Therefore, if we implement the revenue-sharing contract based on quantity discount policy between the retailer and the distributor and the traditional revenue-sharing contract between the distributor and the manufacturer and the contract parameters which satisfy (5) and (10), the improved revenue-sharing can coordinate the three-level supply chain.
Implement among Supply Chain
Members. This problem can be described as follows: we implement both the revenue-sharing contract based on quantity discount policy between the retailer and the distributor, and between the distributor and the manufacturer.
Suppose the distributor provides the retailer the revenuesharing contract ( 2 , ( )) and the manufacturer provides the distributor the revenue-sharing contract ( 1 , ( )) . Here, * is the optimal effort of the supply chain, ( ) is equal to (5) and
Here, we can also suppose that, when only the retail bears the effort cost, the ratio that his profit shares the profit of the whole supply chain is also 2 . It is easy to know that the optimal effort and the optimal order quantity of the retailer would be equal to those of the supply chain.
In this condition, the profit function of the distributor can be described as
Similarly, the optimal order quantity of the distributor should satisfy
Take (5) and (12) into the profit function of the supply chain member and we can get
From (15), it can be seen that the profit functions of the supply chain members are all affine functions of the whole supply chain's profit function. So in this condition, the revenue-sharing contract can coordinate the three-level supply chain. Comparing (11) with (15) , it can be seen that the retailer's profit keeps unchanged, the distributor's profit increases 1 (1 − 2 ) ( ) while the manufacturer's profit decreases 1 (1 − 2 ) ( ).
Therefore, if we implement the revenue-sharing contract based on quantity discount policy both between the retailer and the distributor and between the distributor and the manufacturer and the contract parameters which satisfy (5) and (12) , the improved revenue-sharing contract can coordinate the three-level supply chain.
Model Optimization.
From the discussion mentioned above, we can come to a conclusion that the traditional revenue-sharing contract cannot coordinate three-level supply chain with sales effort dependent demand. However, the improved revenue-sharing contract based on quantity discount policy can coordinate three-level supply chain. And, in this condition, the optimal order quantity and optimal effort of retailer are equal to those of the centralized supply chain. Then, it needs to determine the optimal order quantity and the optimal effort to maximize the profit of supply chain, namely, max Π ( , ). The following gives the method to determine the optimal order quantity * and the optimal effort * . Suppose the market demand ( , ) is the function of effort and random factor , and is independent of ; ( ) and ( ) are, respectively, probability density function and differentiable cumulated distribution function of . Usually we can use two forms to describe how the effort affects demand: addition form and multiplication form [29] . In this paper, suppose ( , ) = ( ) + . Because the influence of effort on marker demand is diminishing marginal utility, we can suppose ( ) is the monotone increasing and concave function of effort ; namely, ( ) > 0, ( ) ≤ 0.
When the market demand satisfies ( , ) = ( ) + , we can get
So the profit function of supply chain can be described as
Given effort , it can be seen that Π ( , ) is the concave function of order quantity . So the optimal order quantity * should satisfy
From (18), we can get * = * ( ) = ( )
Then, the profit function of supply chain can be described as Π ( * , )
From (20) , it can be seen that there is only one variable in Π ( * , ). Therefore, the next work is to determine the optimal effort * to maximize Π ( * , ). From (20) , it can get Π (
is the concave function of effort . That is to say, there is an optimal effort * which can make Π ( * , ) achieve the maximum. By Π ( * , )/ = 0, we get
Then the optimal effort * should satisfy (21) . Equation (21) is the first-order differential equation of the optimal effort * . By solving (21), we can get the expression of * .
An Example.
Suppose a supply chain is made up of a retailer, a distributor, and a manufacturer, and the supply chain parameters are = 1, = 2, = 5, V = 3, = 18, = 10, = 35, 1 = 0.55, and 2 = 0.55. Here, assume the relationship between demand and effort satisfies addition form, and ( ) = 2 /2, ( ) = ; satisfies uniform distribution in [50, 100]. It is easy to get ( ) = 1/50, ( ) = ( − 50)/50, and −1 ( ) = 50 + 50 .
(1) The revenue-sharing contract based on quantity discount policy.
From the discussion above, we know that the revenuesharing contract based on quantity discount policy can coordinate the supply chain whether it is implemented in one or two transactions. According to the formulas mentioned above, it is easy to get the optimal effort, the optimal order quantity, and the profit of the whole supply chain. Here, * = 27, * = 119, and Π ( * , * ) = 2272.5.
(2) The traditional revenue-sharing contract.
Similarly, under the traditional revenue-sharing contract, the optimal effort and order quantity of the retailer and the profit of the whole supply chain are, respectively, = 14.85, = 107, and Π ( , ) = 2202.7.
(3) The decentralized supply chain (the wholesale price contract).
Similarly, under the traditional revenue-sharing contract, the optimal effort and order quantity of the retailer and the profit of the whole supply chain are, respectively, = 16, = 91, and Π ( , ) = 2137. Table 1 shows the parameters of the supply chain in different mode. A means that we implement the revenuesharing contract based on quantity discount policy only between the retailer and the distributor. B means that we implement the revenue-sharing contract based on quantity discount policy in two transactions of the supply chain. Table 1 shows that the retailer's effort in the revenuesharing contract based on quantity discount policy is the highest in the three modes, which can make the supply chain 6 Discrete Dynamics in Nature and Society maximize its profit; the retailer's effort in traditional revenuesharing contract is the lowest in the three modes, but his order quantity is still higher than that in wholesale price contract due to the incentive of the revenue-sharing contract. So the profit of the supply chain in the traditional revenue-sharing contract is still higher than that in wholesale price contract. So it can be seen that the traditional revenue-sharing contract is better than the wholesale price contract with sales effort dependent demand.
Only Manufacturer Bearing the Effort Cost
Only Implement between Manufacturer and Distributor.
This problem can be described as follows: we implement the revenue-sharing contract based on quantity policy between the manufacturer and the distributor and the traditional revenue-sharing contract between the distributor and the retailer.
Supposing the manufacturer provides the distributor the revenue-sharing contract ( 1 , ( )), and
Here, * is the optimal effort of the supply chain. Taking (22) into the manufacturer's profit function, we can get
According to the paper of Giannoccaro and Pontrandolfo [12] , without considering demand dependent effort, the ratio that the manufacturer's profit shares the profit of the supply chain is (1 − 1 )(1 − 2 ) . Here, supposing when only the manufacturer bears the effort cost, the ratio that his profit shares the profit of the whole supply chain is also (1 − 1 )(1 − 2 ). It is easily known that the effort of the manufacturer would be equal to the optimal effort of the supply chain; namely,
From (24), we can get
Taking (25) and (22) into the profit function of the supply chain members, we can get
From (26), it can be seen that the profit functions of the supply chain members are all affine functions of the whole supply chain's profit function. So in this condition, the revenue-sharing contract can coordinate the three-level supply chain.
Therefore, if we implement the revenue-sharing contract based on quantity discount policy between the retailer and the distributor and the traditional revenue-sharing contract between the distributor and the manufacturer and the contract parameters which satisfy (22) and (25), the improved revenue-sharing can coordinate the three-level supply chain.
Compared with the paper of Giannoccaro and Pontrandolfo [12] , it can be seen that the retailer's profit increases 2 ( * ) while that of the distributor decreases 2 ( * ).
Implement among Supply Chain
Members. This problem can be described as follows: we implement both the revenue-sharing contract based on quantity discount policy between the retailer and the distributor and between the distributor and the manufacturer. Suppose the distributor provides the retailer the revenuesharing contract ( 2 , ( )) and the manufacturer provides Discrete Dynamics in Nature and Society 7 the distributors the revenue-sharing contract ( 1 , ( )) . Here, * is the optimal effort of the supply chain and
Taking (27) into the profit function of the manufacturer, we can get
Here, we also suppose that the ratio that his profit shares the profit of the whole supply chain is also (1 − 1 )(1 − 2 ). It is easy to know that the optimal effort of the manufacturer would be equal to that of the supply chain. In this condition, the profit function of the manufacturer can be described as
Taking (27) into the profit function of the retailer, we can get
From (30), it is easy to know that the optimal order quantity of the retailer is equal to that of the supply chain. So (30) can be described as
Taking (27) into the profit function of the distributor, it can get
From (32), it can be seen that the optimal order quantity of the distributor is equal to that of the retailer, so (32) can also be described as
From (29), (31), and (33), it can be seen that the profit functions of the supply chain members are all affine functions of the whole supply chain's profit function. So in this condition, the revenue-sharing contract can coordinate the threelevel supply chain. Therefore, if we implement the revenuesharing contract based on quantity discount policy both between the retailer and the distributor and between the distributor and the manufacturer and the contract parameters which satisfy (27) , the improved revenue-sharing can coordinate the three-level supply chain.
Model Optimization.
Similarly, suppose the market demand ( , ) is the function of effort and random factor , and is independent of ; ( ) and ( ) are, respectively, probability density function and differentiable cumulated distribution function of . Here, suppose ( , ) = ( ) ⋅ . As the influence of effort on marker demand is diminishing marginal utility, we can suppose ( ) is the monotone increasing and concave function of effort ; namely, ( ) > 0, and ( ) ≤ 0.
When the market demand satisfies ( , ) = ( ) ⋅ , we can get
From (36), we can get * = * ( ) = ( )
Then, the profit function of supply chain can be described as
8 Discrete Dynamics in Nature and Society According to the supposition, Π ( * , ) is the concave function of effort . So the optimal effort * of the supply chain should satisfy
From (39), it can easy to get that the optimal effort * of the supply chain should satisfy
The method to solve the expression of * in (40) is the same as the method in (21).
An Example.
Suppose a supply chain is made up of a retailer, a distributor, and a manufacturer, and the supply chain parameters are = 1, = 2, = 5, V = 3, = 18, = 10, = 35, 1 = 2 = 0.55, and = 100. Here, assume the relationship between demand and effort satisfies multiplication form, and ( ) = 2 /2, ( ) = ; satisfies uniform distribution in [60, 90] . It is easy to get ( ) = 1/30, ( ) = ( − 60)/30, and −1 ( ) = 60 + 30 .
From the discussion above, we know that the revenuesharing contract based on quantity discount policy can coordinate the supply chain whether it is implemented in one or two transactions. According to the formulas mentioned above, it is easy to get the optimal effort of the manufacturer, the optimal order quantity of the retailer, and the profit of the whole supply chain. Here, * = 19.62, * = 1674, Π ( * , * ) = 19246.28.
Similarly, under the traditional revenue-sharing contract, the optimal effort of the manufacturer and order quantity of the retailer and the profit of the whole supply chain are, respectively, = 3.97, = 339, and Π ( , ) = 7008.33. Similarly, under the traditional revenue-sharing contract, the optimal effort of the manufacturer and the order quantity of the retailer and the profit of the whole supply chain are, respectively, = 3.79, = 288, and Π ( , ) = 6544.36. Table 2 shows the parameters of the supply chain in different modes. A means that we implement the revenuesharing contract based on quantity discount policy only between the retailer and the distributor. B means that we implement the revenue-sharing contract based on quantity discount policy in two transactions of the supply chain. Table 2 shows that the manufacturer's effort in the revenue-sharing contract based on quantity discount policy is the highest in the three modes, which can make the supply chain maximize its profit, and the revenue-sharing contract based on quantity discount policy is better than the traditional revenue-sharing contract with effort dependent demand; the manufacturer's effort in traditional revenuesharing contract is higher than that of the supply chain in the wholesale price contract, and retailer's order quantity is still higher than that in wholesale price contract due to the incentive of the revenue-sharing contract, so the profit of the supply chain in the traditional revenue-sharing contract is still higher than that in wholesale price contract. So it can be seen that the traditional revenue-sharing contract is better than the wholesale price contract with effort dependent demand.
The Retailer Bearing the Effort Cost with the Manufacturer.
Suppose the effort cost that the retailer bears is ( ) (0 ≤ ≤ 1), then the manufacturer bears (1 − ) ( ) effort cost. If = 0, it means that only the manufacturer bears the effort cost; if = 1, it means that only the retailer bears the effort cost.
In this condition, we find that the traditional revenuesharing contract fails to coordinate the supply chain whether it is implemented in one transaction phase or in two transaction phases of the three-level supply chain. The reason lies in that the distributor does not bear the effort cost, but he can get partial profit of the whole supply chain, which is unfair for the retailer and the manufacturer. So the effort level of the retailer and the manufacturer will be lower than the effort level of the centralized supply chain. Now, the following discusses how to design the improved revenue-sharing implemented in two transaction phases to coordinate the supply chain.
Suppose the distributor provides the retailer the revenuesharing contract ( 2 , ( , ) ) and the manufacturer provides the distributors the revenue-sharing contract ( 1 , ( , )). Then, the profit functions of the supply chain members can be described as 
If the improved revenue-sharing contract can coordinate the supply chain, the optimal effort level * of the retailer and the manufacturer should satisfy (2) . Namely, the optimal order (production) quantity * of the retailer and the manufacturer should satisfy (3). Then, we can get We find that (44) equals (11) . That is to say, when the retailer bears the effort with the manufacturer, the improved revenue-sharing contract can coordinate the three-level supply chain.
Therefore, if we implement the revenue-sharing contract based on quantity discount policy among the supply chain members and the contract parameters which satisfy (43), the improved revenue-sharing can coordinate the three-level supply chain.
The method to determine the optimal order quantity * and the optimal effort * can follow the methods given in Sections 4.1.3 and 4.2.3.
Conclusion
The traditional revenue-sharing contract cannot coordinate three-level supply chain with sales effort dependent demand. The paper proposes an improved revenue-sharing contract based on quantity discount policy, which can be implemented in one transaction or two transactions of three-level supply chain, to coordinate the supply chain. The paper also shows that the profit of the supply chain members depends on the value of the contract parameters which is determined by the status of the members in supply chain and their bargaining power. It also gave the method to determine the optimal order quantity and the optimal effort, which can provide the decision makers of supply chain with decision support. But it also should be noticed that this research is carried out in the symmetrical information condition. So the next step is to carry out the research in the asymmetric information condition.
